For many years, it has been a primary issue in tax policy whether the tax system ought to be built around income tax or consumption tax. Much of the interest in tax policy arises from the widespread belief that taxes on income and savings tend to lower long-run income by retarding the creation and expansion of firms and by discouraging workers and investments. Following this belief, Brazilian government has proposed a tax reform which, basically, replaces tax on investment and labor with tax on consumption. In this paper, we develop a dynamic general equilibrium model with heterogeneous agents to guide our quantitative assessment of the economic and distributional implications of such tax reform. The model is calibrated in such a way that it matches some selected features of the Brazilian economy. We also use the calibrated model to calculate the deadweight loss of each type of taxation and thus provide some rationality for that rearrangement in the tax system. The main result of the paper is that, even though the tax reform increases the asset accumulation, labor and output of economy, it also raises the welfare inequality as borrowing constrained individuals cannot take advantage of the drop in tax on savings. 
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Uma importante questão em política tributária é se o sistema de tributação deve ser construído com foco na taxação da renda ou do consumo.
INTRODUCTION
Brazilian economy has improved significantly in many dimensions over the last decade. Inflation continues to be under control and inflation expectations remain low. Brazil's external position is solid, with a strong current account surplus -about 2 percent of GDP in 2007 -and international reserves around $201 billion, equivalent to more than 200 percent of its short-term debt. The fiscal adjustment since the floating of the Real in 1999 has been impressive, allowing the consolidation of macroeconomic stability in the period and ensuring that the dynamics of public indebtedness is sustainable.
Nevertheless, the fiscal adjustment has taken place on the back of revenue hikes and, to a lesser extent, a compression of public investment, rather than the retrenchment of current outlays. As a result, Brazil's tax-to-GDP ratio has increased almost ten percentage points over the last two decades and now it is much higher than that of countries with comparable income levels, being close to the OECD average and nearly twice as high as that of the rest of Latin America (De Mello, 2008) .
This increase in the tax burden in Brazil has been pointed out as an important explanation for the unsatisfactory performance of the economy in terms of growth. Much of the interest in tax policy arises from the widespread belief that taxes on income and savings tend to lower long-run income by retarding the creation and expansion of firms and by discouraging workers and investment. The empirical evidence that come from, for example, Helms (1985) , Mofidi e Stone (1990) and Slemrod (1999) suggests a significant effect of taxation on the economic performance, particularly over the long term.
Following this belief, Brazilian's government has submitted a constitutional amendment to the examination of the congress, which, among others changes, proposes a significant reduction of tax on investment and on labor income. However, the proposal will not change the tax burden in terms of GDP since it contains a provision which ensures the neutrality of the tax reform. Thus, the government's proposal ultimately entails a rearrangement of the current tax system in such way that it cuts taxes on investment and labor and offsets it by increasing tax on consumption.
The goal of the present analysis is to quantitatively assess the economic and distributional implications of this rearrangement in the tax system. To guide our assessment, we develop a dynamic general Moving to a Consumption-Based Tax System: A Quantitative Assessment for Brazil equilibrium model with overlapping generations in line with Auerbach e Kotlikoff (1987) and Ríos-Rull (1996) . The model economy considered in this paper is populated by a large number of agents who have preferences over consumption and leisure and face idiosyncratic productivity shocks. Individuals cannot insure directly against these shocks, but they can trade an asset subject to an exogenous lower bound on asset holdings. Following Aiyagari (1994) , this asset takes the form of capital. Thus, savings may be precautionary and allow partial insurance against the idiosyncratic shocks. Because of the lack of full insurance, this model generates an endogenous distribution of wealth across consumers. Indeed, at any point in time, households differ in their current shock, in their asset holdings (that somehow summarizes all their past luck) as well as in terms of their age. We calibrate the model in such a way it matches selected statistics of the Brazilian economy and then use the calibrated model to study many issues related with the tax reform proposed by the government. First, we calculate the welfare cost due to each type of taxation. This is done by calculating the deadweight loss of taxes of raising extra revenues from an already existing distorting tax. An extensive literature has estimated the deadweight loss and it now is understood as being an important guide to design the fiscal policy.
1 Overall, however, this literature has focused on portions of the tax system such as tax on capital and labor income or its estimates are based on data from the U.S. economy. The model used in this paper, in contrast, is calibrated using data from Brazilian economy and, besides tax on capital and labor income, it takes into account tax on consumption and investment. As a consequence, the framework in this paper can be used to assess, for example, how much distortionary the tax on investment is and whether or not government should move towards consumption taxation in order to reduce the inefficiency associated with the tax system. Second, given that individuals in our model face uninsured idiosyncratic shocks of productivity, wealth accumulation in this class of models is higher than when there is no uncertainty, 2 as individuals react to the uncertainty regarding to their future labor income by reducing current consumption and increase savings.
3 As it will turn out, this over accumulation may play an important role in determining the welfare cost of taxes.
Furthermore, we measure the long-run impact of the tax reform on the aggregate variables of the model economy such as output, capital accumulation, hours worked in order to document the potential economic gains that can be obtained with the reduction of the distortions caused by the taxation of capital and labor. This assessment is important because proponents of the reform argue that its positive effects on those variables are expected to be of considerable magnitude and, as a consequence, the shift towards a consumption-based tax system is viewed as highly desirable.
Finally, by calibrating the income distribution in the model in such a way that it matches the income inequality as measured by Gini index, our framework is also useful to address the distributional implications of the tax reform, an issue that has not been fully analyzed yet. The assessment of the distributional effects of the type of reform proposed by the government is especially important in Brazil because tax on consumption is strongly regressive. This is so because individuals at low levels of the income distribution spend the most part of their income on consumption and many of them do not save at all, whereas those at high levels of the income distribution save the most part of their income. A tax reform which, for example, replaces tax on investment with tax on consumption improves the situation of the richer individuals and may worsen the situation of the poorer ones. This latter effect is due to the fact that, even though that reform may increase the per capita income of economy, the increase in tax on consumption may be even higher, and thereby it can negatively impact on the welfare of the poorer individuals. Therefore, the tax reform can adversely affect the cross-sectional welfare distribution. Feenberg et alii (1997) , using data from the U.S. tax system, carry out an analysis of distributional tables to investigate the effects of replacing tax on income with tax on consumption on the welfare 1 See, for example, Browning (1987) , Hansson (1984) , Balland et alii (1985) , Judd (1998 ), McGrattan (1994 ) and Feldstein (1997 .
2 See, for example, Kimball (1990) , Deaton (1991) and Carroll (1997) . 3 As long as utility function is increasing, concave and has a positive third derivative. distribution. Even though they conclude it could increase the welfare inequality, their approach faces with many shortcomings associated with the absence of general equilibrium feedback effects, which may play an important role in the assessment of the distributional impacts of the tax reform. This paper, in contrast, uses a dynamic general equilibrium model, and thereby we are able to take into account, for example, the response of individuals to the changes in the tax system. Pereira e Ferreira (2009) have also investigated the economic impacts of changes in the tax system in Brazil. They rely on the representative-agent abstraction to evaluate how the tax reform affect the output, capital, labor and individuals welfare. However, given that their model economy behaves as if it is inhabited by a single type of consumer, the framework used in that paper is not suitable for addressing the distributional implications of the reform, which is a major point in the present analysis. Moreover, they implicitly assume that there are complete insurance markets for consumers' idiosyncratic risks, which is an assumption hard to defend (Aiyagari, 1994) .
Besides this Introduction, this paper is organized as following. In Section 2, we present the model which will be used to guide our quantitative assessment. In Section 3, the data and calibration procedures are described. In Section 4, we discuss the main results. Section 5 concludes.
THE MODEL

Demography
The economy is populated by a continuous of mass one agents that can live to a maximum of T periods. There is uncertainty regarding the time of death, each individual faces a probability ψ t of dying in the age t. The age profile of the population {µ t } T t=1 is modeled assuming that the fraction of agents at the age t in the population is given by µ t = 
Preferences
Each individual maximizes the discounted expected utility throughout life:
where β is the discount factor and E is the expectation operator. The utility function of each period is assumed to take the form:
where γ denotes the risk aversion parameter and ρ denotes share of leisure in the utility. The specification in equation (2) assumes that, besides consumption c t and leisure (1 − h t ), the household's utility is also influenced by the government expenditures if σ = 0. If σ < 0, the marginal utility of consumption increases with an increase in G and if σ > 0, the opposite meaning is true. Thus, our framework allow for substitutability or complementarity between public and private goods.
Technology
The technology of production of the economy is given by a Cobb-Douglas function with constant returns to scale,
1−α where α is the capital share and Y , K, N and B > 0 denote aggregate output, capital, labor and a scale parameter, respectively. The variable A t denotes a labor Moving to a Consumption-Based Tax System: A Quantitative Assessment for Brazil augmenting productivity index that grows at a constant rate g A . The problem of the firms is standard, that is, they pick capital and labor optimally in order to solve:
Capital and labor services are paid by their marginal products, i.e.,
where r denotes the net rate of return on capital and w the wage.
The government budget
Government expenditures G t are assumed to be a certain constant fraction θ of output of economy Y t . To finance its stream of expenditures, we also assume that government has access to a set of fiscal instruments. This set of instruments available consists of proportional taxes on consumption τ c , labor τ w , capital τ k and investments τ i . Moreover, it is assumed that the government does not have debt, so that its budget constraint can be written as following:
where C t , I t , K t and N t denote the aggregate consumption, investment, capital and labor, respectively. Note that the government does not directly control the set of taxes {τ c ,τ w ,τ k ,τ i }, since it is assumed to be endogenously determined. What the government controls, indeed, is how the total amount of revenue needed to finance its expenditures is split into those sources. Let θ m with m ∈ {c,w,k,i} be the share of government's revenue due to tax on the source m, so that θ = m θ m which denotes the tax burden of economy. Thus, the set of taxes is given by:
Inasmuch as the distribution is determined by the production function, the taxes τ w and τ k are given exogenously by the technology of economy and by the fiscal policy. Moreover, if the government reduces θ i and for example, increases θ c in order to keep the tax burden unchanged, the equations in (7) can be used to estimate the taxes τ c and τ i in the new equilibrium.
We use the formulation in (7), instead of assuming taxes to be exogenous, because C/Y and I/Y are endogenous and thereby they are expected to change as the tax reform takes place. As a consequence, we do not know in advance what tax should be levied in order to keep the tax burden in terms of GDP unchanged. By using the formulation in (7), the taxes are endogenously determined, along with C/Y and I/Y and other endogenous variables of the model.
Individuals' budget constraints
In this economy, individuals make decisions about their labor supply h t and savings a t . At the beginning of each period, they face idiosyncratic shocks z on their labor productivity. We assume that z is a random variable which follows a first order auto-regressive process ln z t = π ln z t−1 + ε t , where ε t ∼ N (0,σ 2 ε ). In addition, the labor productivity of individuals also depends on an age-efficiency component _ y t . Let e t (z, _ y t ) denote the labor productivity of an individual at age t so that the labor income after tax is given by y w (z,t) = (1 − τ w )wh t e t (z, _ y t ).
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Each period, individuals purchase consumption c t and investment goods i t with their after-tax income, which is obtained by renting the factors of production that they own to the firms. The capital income after-tax is (1 − τ k )ra t , where a t denotes the asset holdings. Individuals are price-takers and the price of consumption and investment goods are normalized to 1. The final source of income is the accidental bequest transfers ξ. Thus, an individual's budget constraint can be written as following:
The investment i t is determined by the law of motion for asset accumulation, that is:
where (1+g A )a t+1 denotes the asset holdings in the next period, taking into account the technological progress g A , and (1 − δ)a t is the current asset stock after applying the depreciation rate δ.
Given that we are going to focus on the state steady of the economy under study, we have divided consumption, asset holdings, lump sum transfers and wage rate by A t in order to eliminate the effect of economic growth. This transformation accounts for the term (1 + g A )a t+1 in (9).
In this economy, there is no private market for insurance against the risk from the shocks on labor productivity or from living longer than expected. Additionally, we assume that individuals are liquidity constrained and set the restriction of assets carried over from age t to t + 1 to be a t+1 ≥ 0 ∀t . As it will turn out, liquidity constraints tend to play an important role in determining the results of some simulations that will be carried out in this paper. This is so because individuals who are liquidity constrained tend to be more affected by a tax reform which increases the tax on consumption.
Given that there is no altruistic bequest motive and death is certain after age T , an agent who reached age T will consume all his assets at that age, so that we have a T +1 = 0.
Equilibrium
Let s denote the individual states. It depends on the asset holdings a at the beginning of the period and on the idiosyncratic shock z so that s = (a,z). Let V t (s) denote the value function of an agent age t. The value functions V t (s) are defined by the following dynamic programs:
subject to (8) where s = (a ,z ) and
Suppose A ⊂ R + and Z ⊂ R, are the sets of possible values that a and z can take, so that we can define the state space as S = A × Z. Let g t : S → R + and n t : S → [0,1] be the policy functions associated with a and h in the dynamic programs above.
At each point of time, agents are heterogeneous in regard to age t and to state s ∈ S and, as a consequence, we need some way of describing this heterogeneity. The agents' distribution at age t among the states s is represented by a measure of probability λ t defined on subsets of the state space S. Let (S,Ω(S),λ t ) be a space of probability, where Ω(S) is the Borel σ−algebra on S. Thus, for each ω ⊂ Ω(S), we have that λ t (ω) denotes the agents' fraction at age t that are in ω.
The transition from age t to age t+1 is governed by the transition function Q t (s,ω), which depends on the decision rule g t (s) of assets and on the realization of the idiosyncratic productivity shock z. The function Q t (s,ω) gives the probability of an agent at age t and state s to transit to the set ω at age t + 1.
Thus, a recursive competitive equilibrium for this economy can be defined as following: A Quantitative Assessment for Brazil 
3) {w,r} are such that they satisfy the optimum conditions, (eq. 4) and (eq. 5); 4) The final good market clears:
satisfies the following law of motion:
6) The distribution of accidental bequests is given by:
The set of taxes {τ c ,τ w ,τ k ,τ i } is given by (7).
DATA AND CALIBRATION
The population age profile {µ t } T t=1 depends on the population growth rate g n , on the survival probabilities ψ t and on the maximum age T that an agent can live. In this economy, a period corresponds to 1 year and an agent can live at the most 51 years, so that T = 51. Additionally, we assumed that an individual is born with 15 years old, so that the real maximum age is 65 years old.
Data on survival probability for each cohort were extracted from IBGE and are shown in Figure 1 . The population growth rate is chosen based on the average population growth from 1997 to 2007. This yields a g n equal to 0.0145.
The values of the parameters related with the individual preferences (β,γ,ρ) are summarized in Table 1 . The value of the relative risk aversion parameter γ along with the share of leisure in the utility ρ determines the elasticity of intertemporal substitution of consumption, which is given by
Using the values for (γ,ρ) reported in Table 1 , we obtain a value of 0.46 for the intertemporal substitution of consumption, which is in the rage of the estimates of the microeconomic studies revised by Auerbach e Kotlikoff (1987) .
In representative agent models, given the capital income share and the depreciation rate, there is a one to one relationship between the parameter ρ and the fraction of time that individuals spend working in the stationary state. In overlapping generation models, however, such relation is more Marcelo Rodrigues dos Santos and Thiago Neves Pereira .,&13%+#/ 5#3%'(# )* "#+#-)8#2#1+9 %.)28 %8#2+(; E2 +"1( 3%(#: +"# ,-)3#/'-# complicated because of the heterogeneity among agents. In this case, the procedure that is used to choose ρ is such that the average fraction of time that individuals in our model spend working is consistent with the empirical evidence, which suggests a value near 33%.
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The calibration of the parameter σ, which governs the effect of government on the individuals' utility, is more difficult because the empirical literature either do not provide a plausible range of values for it or even a robust evidence of substitutability or complementarity between public and private consumption.
5 Thus, we decide to carry out simulations in which σ = 0, σ < 0 and σ > 0. In our model, since there is technological progress, the discount factor is given by β = β(1 + g A )
(1−ρ)(1−γ) . Given g A , ρ and γ the parameter β is calibrated so that the capital-output ratio in the benchmark economy is equal to 2.75.
Moving to a Consumption-Based Tax System: A Quantitative Assessment for Brazil
The values of technological parameters (B,α,δ) are also summarized in Table 1 . We chose a value for α based on the Brazil time series data from the Brazilian Institute for Geography and Statistics (IBGE).
The depreciation rate is given by:
We set the investment-product ratio I/Y equal to 0.1916 and the capital-product ratio K/Y equal to 2.75. The productivity growth rate g A is constant and consistent with the average growth rate of GDP per capita over the second half of the last century. Based on the data from IBGE, we set g A equal to 1.35%. Thus, the above equation yields a δ consistent with the value shown in Table 1 . Ríos-Rull (1996) normalizes the value of parameter B, which measures the total factor productivity, to 1. In this paper, we follow Huggett (1996) so that we chose B to normalize the wage rate w in the benchmark economy. Thus, given a capital-product ratio of 2.75 and α = 0.42, the value of B is such that w = 1, that is, 0.9.
Individual productivity
Each agent in this economy is endowed with an individual productivity level e(z t ,t) = exp(z t + _ y t ), where _ y t denotes a permanent component without risk and z t denotes a temporary component, which follows an auto-regressive process of first order with parameters (π,σ 2 ε ). Several authors have estimated similar stochastic processes for the labor productivity.
6 Controlling for the presence of measurement errors and/or effects of such observable characteristics as education and age, the literature provides a range of values for π that goes from 0.88 to 0.96 and for σ ε from 0.12 to 0.25. The procedure used in this paper to calibrate these parameters was to set π = 0.90 and adjust σ ε in such a way that the income distribution in the model matches the observed income distribution. As a measure of the income distribution on data, we use the Gini index which was 0.52 for Brazil in 2006. Thus, choosing a value of 0.07 for σ 2 ε , the model yields a Gini index of 0.46 in the benchmark case. The values for _ y t are constructed following Huggett (1996) . We used data from Brazil's National Household Sample Survey (PNAD) on median earnings of full-time workers for each cohort. We divided these values by the total median earnings and, then, interpolated to get the individual productivity component by age _ y t . In Figure 2 , we show the age-efficiency profiles that are used in our calculations. For computational reasons, we have approximated the AR(1) process which describes the idiosyncratic productivity shock z by a finite Markov chain. First, we discretized the state space Z using a grid of 19 points equally spaced in the interval [−3σ z ,3σ z ], where σ z denotes the unconditional standard deviation of z, that is, σ ε / (1 − π 2 ). The transition probabilities are computed using the algorithm described in Tauchen (1986) . After calculating the matrix of stochastic transition among the states in Z, we calculated the invariant distribution associated with this matrix and, then, took this result to describe the agents' initial distribution in the economy.
Fiscal policy
The fiscal policy in our model can be summarized by the set of parameters {θ c ,θ w ,θ k ,θ i }. To calibrate these parameters we use data from the Brazilian Ministry of Finance for 2006, our benchmark year. 7 Many taxes in Brazil are cumulative in such a way that they end up being levied on both consumption and investment. When this is the case, we multiply the amount collected by the share of consumption and investment on GDP in order to account for the share collected due to taxation on 6 A revision of this literature can be found on Atkinson (1971) and Floden e Lindé (2001) . 7 For more details about the fiscal parameters see Costa e Pereira (2008) . "# $%&'() *+)%', consumption and investment, respectively. 8 In the second column of Table 2 , we show the calibrated values for {θ c ,θ w ,θ k ,θ i } in the benchmark case.
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In the third column of Table 2 , we show the values for {θ c ,θ w ,θ k ,θ i } that must prevail after the reform. One can see that, the main goal of the tax reform is to reduce the amount collected from taxes on labor income and savings and increase the amount collected from taxes on consumption. In fact, under the current tax system, about 41% of the total government revenue is due to consumption taxes and 10.15% is due to tax on investment. After the tax reform and given that the government wants to keep the tax burden in terms of GDP unchanged, the former share will increase to 53%, while the latter will decrease to 3.70%.
RESULTS
The welfare cost of taxes
In order to assess the welfare cost of taxes, we calculate the deadweight loss due to an increase of one percentage point in each type of taxation. The deadweight loss of taxation (also called the excess burden) is based on a conceptual experiment where the government imposes (or increases) taxes, Moving to a Consumption-Based Tax System: A Quantitative Assessment for Brazil thereby distorting prices, and returns the revenue to the taxpayer in a lump-sum basis. Thus, in order to assess the welfare cost of taxation, we measure how much money individuals require to be indifferent between an increase in taxation and no change in the tax system. Our calculations are carried out taking into account different values of the parameter σ, which governs the effect of government on household's utility. As a consequence, we can also investigate how the calculation of the welfare cost of taxes may depend on the way that government expenditures affect individuals' marginal utility.
In the first column of Table 3 , we show what type of taxation has been changed and in the other three columns we show the deadweight loss calculated for different values of σ. As one can see in the Table 3 , tax on consumption is the least distortionary taxation no matter what value σ takes, whereas tax on investment is the largest one. In fact, our simulations suggest that the welfare cost due to an increase in tax on investment can be more than twice as larger as that due to labor income and 4.5 times higher than that due to tax on consumption. Thus, this result supports a tax reform which replaces taxation on saving with taxation on consumption. However, this argument is based on efficiency issues and the findings presented in Table 3 cannot tell us anything about the distributional implications of such reform. In the next subsection, we provide an assessment of this subject. Moreover, note that the welfare cost of each taxation is higher when we set σ < 0 and lower for σ > 0 than its benchmark value σ = 0. To understand this result, remember that for σ = −0.05, private and public goods are substituted. Hence, as an increase in taxation lowers the output and thereby the government expenditure, the private consumption tends to increase. As a consequence, individuals require a higher compensation in order to agree with the change in the tax system. In Table 4 , we show the results for the experiment carried out in Table 3 , but leaving aside the uncertainty regarding to labor income. In this case, as one can see in the table, the deadweight loss is lower for all taxations, although the difference is more significant for taxes on savings. This is so because in the uncertain environment, individuals build up precautionary savings to protect themselves against low incomes and thereby low consumption levels in future periods. Thus, asset holdings are used to smooth out idiosyncratic shocks and, as a result, asset accumulation is less responsive to changes in the rate of return. This prudent behavior entails that the elasticity of savings is lower under uncertainty, so that the distortion caused by taxation tends to be higher. We omit the results for others values of σ because they have the same way as in Table 3 . 
Macroeconomic and distributional impacts
The analysis carried out in the last subsection suggests that, by replacing tax on investment and labor with tax on consumption, the tax reform will reduce the distortion caused by the tax system and thereby put forward capital accumulation and the increase of income. In order to asses this, we show in Table 5 the results of simulation of the tax reform using the calibrated model.
As one can see in Table 5 , the macroeconomic impacts of such reform are quite positive. In fact, when σ = 0 the capital stock and labor increase by 23.43% and 2.10%, respectively, whereas the output increases by 11.05%. These values entail an increase in investment-output ratio and government revenue by 12.38% and 10.98%, respectively.
As shown in the last three columns of Table 5 , when σ = −0.05 the impacts of the tax reform is even higher, with the capital stock, hours worked and income growing to 24.17%, 2,40% and 11.68%, respectively. This is so because, when σ = −0.05, the distortion caused by the tax system tends to be higher as argued in the last subsection. Thus, the gains due to the tax reform tend to be higher too.
This increase in the long-run income is higher than that found by other papers. For example, Kotlikoff (1992) , using a life-cycle model without uncertainty, estimates an increase in output by 8%, while the econometric study carried out by Slemrod (1999) provides values that range from 4% to 6%. This significant impact on the capital accumulation, income and government revenue is the main reason for which this tax reform has been proposed.
In Table 5 we also show the taxes before and after the reform. Note that for the benchmark case, σ = 0, the model estimates a decrease in the tax on investment and labor income by 67.75% and 18.30%, respectively. As government increases the share of its revenue due to consumption taxation in order to keep the tax burden in terms of GDP unchanged, the tax on consumption is expected to increase by 33.21%. Along with the increase of average income of economy, the large fall in tax on investment and labor income more than offset this increase in tax on consumption, so that the tax reform tends to increase the consumption and thereby the individuals' welfare.
Nevertheless, this is not the case for a significant number of agents in the economy. This is so because in our model individuals face idiosyncratic shocks and, as borrowing constraints prevent them from insuring themselves against those shocks, some agents who faced a bad sequence of shocks will save a small amount of their disposable income or will not save at all. Therefore, these agents will not take advantage of the fall in tax on investment directly and thereby the high increase in tax on consumption may prevent their consumption from increasing or, at least, from growing at the same pace as the consumption of the average individual. As a matter of fact, the consumption of the poorest 20% of individuals rises by 1.9%, while the average consumption goes up by 7.5%. The situation is even Moving to a Consumption-Based Tax System: A Quantitative Assessment for Brazil worse when we compare with the increase observed for the richest 20% of the population, 18.23%. As a consequence, the standard deviation of consumption increases from 0.2473 to 0.2834. Needless to say, the welfare of the poorer individuals falls significantly in regard to the welfare of the richer ones, increasing the welfare inequality. In fact, before reform, the welfare of the richest 20% of individuals in regard to the poorest 20% ones is 0.22 and after the reform that ratio increases to 0.288.
In Table 6 , we show the share of individuals who worsen after the tax reform, controlling for their income. This assessment is done by comparing the individual value function V t (s) in each state s before the reform with that observed after the change in the tax system. As one can see in the Table 6 , nearly 90% of the individuals whose income is lower than 20% of the average income would not vote for the tax reform. This proportion decreases as we raise the income of the individuals in the sample. Indeed, 63.55 % of agents whose income is lower than 40% of the average worsen as the tax system change. If we take into account all individuals in economy, 37.45% would prefer the economy before reform. Needless to say that the reform does not bring about a Pareto improvement since it is unable to improve the welfare of all individuals. The problem with the change in the tax system carried out in this paper lies in the fact that it has a twofold effect on individuals' budget constraint: one positive due to the reduction of taxes on investment and labor, and another negative due to the increase in tax on consumption. Thus, for those who save the most part of their disposable income, the former effect tends to more than offset the latter, while the opposite tends to be true for those who spend almost all their disposable income on consumption.
These findings entail that the market incompleteness is crucial to determine the distributional impacts of a tax reform that replaces taxes on savings and labor income with consumption taxation. As Marcelo Rodrigues dos Santos and Thiago Neves Pereira a matter of fact, the results above diminish the attractiveness of a consumption-based tax system, at the same time that it strengthens the arguments in favor of saving and labor income taxation. This is so because taxation on income and savings levies a higher tax on savers and, as a consequence, could redistribute welfare from the better off (not credit constrained) to the worse off (credit constrained).
Furthermore, it should be stressed that the trade-off between economic growth and inequality associated with the tax reform analyzed in this paper tends to be more important in poor countries or emerging economies in which the share of low income individuals, those who are likely to worsen with the reform, is high. Our results suggest that a tax reform toward a consumption-based tax system should be carried out after the country had reached a certain stage of economic development in which there is more equality, and not the opposite. As a matter of fact, governments from developed countries usually have a higher share of their revenue based on consumption taxation than poor countries and emerging economies have.
However, the negative impacts on welfare inequality presented above can be diminished by adopting some mechanisms which avoid the increase of taxation on consumption for low income individuals.
As an example, we carried out simulations in which taxation on consumption is kept at its benchmark level for the poorest 20% of individuals. In this case, although the capital accumulation and output grow by 10.01% and 21.05% (less than the previous cases), the share of individuals who worsen after the change in the tax system drops to 28.8%. Thus, even though it is possible to avoid some increase in welfare inequality, it cannot be done without undermining the growth of output since it usually entails some kind of compensation to low income individuals to the detriment of richer ones.
The social welfare criterion
When one has to compare inequality or welfare of distributions across agents, there is still some disagreement about the method to be used. In this subsection, we take a stand on two specific social welfare functions in order to assess the welfare implications of the tax reform further. We start with a welfare criterion based on an utilitarian social welfare function among all generations currently alive in the steady state. Under this criterion, well-being of the heterogeneous population is aggregated by the weighted sum of individual utilities. In particular, given the decision rules g t (s) and n t (s) and the invariant cross-sectional distribution λ t (s) of the generation t across the states s, the average steadystate utility for a taxation policy arrangement Ω = {θ c ,θ w ,θ i ,θ k } can be written as:
Here, the average utility for each generation t,
by the unconditional probability of being alive at age tψ t = t k=1 ψ k , by the intertemporal discount factor, β, and by the share of individuals aged t in the population, µ t .
Alternativily, one could argue that a better way to evaluate the distributional implications of the tax reform would be to consider a person who had to choose a particular distribution in a complete ignorance of what his own relative position would be within the system over her lifetime. In this case, the social welfare should be measured by the ex-ante expected (with respect to labor income shocks) lifetime utility of a newborn in a stationary equilibrium. Thus, given that all newborns start with zero assets, the social welfare function implied by the policy arrangement Ω = {θ c ,θ w ,θ i ,θ k } is the expected value of the value function in regard to shock level at birth, that is:
Moving to a Consumption-Based Tax System: A Quantitative Assessment for Brazil where V 1 (0,z) is the solution of the dynamic program in (10).
10 Table 7 shows the values of SW F 1 (Ω) and SW F 2 (Ω) for the benchmark and after-reform cases. It can be seen that the social welfare falls nearly 4.76% with the reform when we use SW F 1 (Ω), whereas it increases by 5.20% based on SW F 2 (Ω). Intuitively, the first result is associated with the curvature of the social welfare function, which in our context is determined by the curvature of the individuals utility function. The concavity of the social welfare function reflects the marginal social value of equality -the extent to which a dollar is deemed to be worth more to a poorer individual than to a richer one.
11 A high curvature of SW F 1 (Ω) means a high aversion to inequality and, thereby changes in consumption for low income agents have a larger impact on social welfare than for high income individuals. Thus, a tax reform that makes poor agents worse off is more likely to decrease SW F 1 (Ω) since it is given by the weighted sum of individuals' utility. On the other hand, if we ask a newborn under what tax arrangement she would like to live, Table 7 shows that she would prefer the steady state after reform. In order to understand this result, one should initially consider that at the beginning of the first period, individuals draw a realization of z from a normal probability distribution with mean zero and variance σ 2 z and, as a consequence, they face a relatively large probability to start with a labor productivity not far away from the average labor productivity. Considering that individuals in this situation or better improve with the tax reform, we have that the social welfare measured by SW F 2 increases. In other words, since labor income trajectories in which a newborn will be better off after the reform are more likely to be realized, she prefers the steady state implied by the new tax system. 
The relevance of accidental bequest transfers
So far we have assumed that accidental bequests are transferred in a lump-sum fashion to all agents in the economy. These transfers are small, amounting about 1.5% of the average income under the baseline calibration and, as a consequence, it should not largely affect the reported results. The relatively small size of the accidental inheritances is due to the fact that individuals in our model live up to age 65. Given that the conditional survival probability falls faster for the elderly, those transfers would play a more important role in a model with a longer lifespan. The potential importance of the lump-sum transfers in an economy with market incompleteness and borrowing constraints relies on the fact that it provides individuals a partial insurance against labor income shocks. In this subsection, we briefly assess an alternative approach to the uniform distribution of bequests.
The literature has attacked this problem of accidental bequests in a variety of ways. For example, Ríos-Rull (1996) eliminates accidental inheritances by imposing the existence of a market for one-period annuities, where agents can perfectly insure themselves against lifetime uncertainty. In Imrohoroglu 10 We used a quadrature numerical integration method to compute the expectancy in (12).
11 See, for example, Atkinson (1970 Atkinson ( , 1973 and Atkinson (1980) . 12 Nevertheless, it should be stressed that our model abstracts from any kind of link across the generations. In particular, if the productivity shocks of the newly born agent was correlated with her parent's productivity, we would have to use the appropriate conditional distribution in the calculation of (12). In this case, it is not clear beforehand if SW F 2 would increase.
et alii (1998), agents receive accidental bequests only once, at a pre-determined age. 13 In particular, their experiments consist in first giving all bequests to the agents at age 45, which they consider a plausible age to receive inheritances and, second, giving all bequests to the newborns. They find that the aggregate capital decreases in the first case due to the fall in savings on the young agents, while it increases under the second scenario because of the monotonicity of the policy function for assets. A similar experiment is carried out in Hubbard e Judd (1987) , who find that the results are slightly sensitive to changes in the timing of the receipt of the accidental inheritances.
Here we propose an alternative approach, which consists in simply eliminating the accidental bequest of the system altogether. In particular, we assume that the government neither transfers the collected amount of bequests to individuals nor uses it to finance its current expenditures. In Table 8 , we show the results for selected statistics when the transfers are left aside. In order to make the comparison easier, we also show in Table 8 the results that include the accidental inheritances.
14 As one can see in the table, the absence of the lump-sum transfers increases hours worked and asset holdings, thereby enhancing the output of economy in both benchmark and after-reform steady states. This is so because agents vary their labor supply and savings in order to (partially) keep the previous life cycle levels of consumption and utility. Overall, however, it has limited impact on the results reported previously, which should be expected given the small magnitude of those transfers. 
REMARKS
This paper develops and calibrates a dynamic general equilibrium model with uncertainty to assess the macroeconomic and distributional implications of a tax reform, which replaces tax on investment and labor income with tax on consumption. We use data from the Brazilian's economy to carry out our analysis of the effects of such reform since it has been proposed in Brazil as a way of accelerating the economic growth thereby increasing the long-run income. We also use our model to calculate the deadweight loss of each type of taxation and compare the results with the case in which the uncertainty is left aside.
Our results suggest that tax on savings is the most inefficiency taxation, while the tax on consumption is the least one. Thus, the reduction of the former and the increase of the latter, in order to keep the tax burden in terms of GDP unchanged, reduce the inefficiency of the tax system and thereby increase 13 In their model, agents may live up to age 85 and the accidental bequest transfers amounts to nearly 4.5% of the average income. 14 All results in Table 8 are calculated with a σ = 0. Table A1 presents a summary description of the Brazilian tax system. The first column shows the name of each tax or contribution, column 2 presents the amount collected in terms of GDP. Finally, column 3 shows the tax jurisdiction and column 4 contains the incidence of each type of taxation.
A. APPENDIX
The government tax reform proposes to eliminate the COFINS, PIS and CIDE and creation of federal value-added tax, IVA-F. The COFINS, PIS and CIDE are cumulative taxes, with incidence on both consumption and investment. By definition, the IVA-F has incidence only on consumption.
Additionally, the proposal intends to create a new ICMS. As one can see in Table 7 , the ICMS is responsible for 7.10% of the total tax burden. The tax rate of the ICMS is 7% in some states and 12% in others. The government wants to replace these rates with a single 2% new one. We find the value of new ICMS multiplying the old value by 2/9.5, where 9.5 is the mean between 7% and 12%.
The tax reform also intends to eliminate the education wage -a contribution made by employers. The amount collected with this contribution will be added to IVA-F. Moreover, the employer contribution to the Social Security system will decrease from 20% to 14%. To capture this change, we multiply the total amount collected with the Social Security by 14/20. 
